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SPECIFICATION 
TITLE OF THE INVENTION 

Recording apparatus and recording method 
BACKGROUND OF THE INVENTION 

The present Invention relates generally to a 
digital recording apparatus, and relates more particularly to 
technology improving the efficiency of a recovery process 
resolving inconsistencies in AV data and AV data 
management information left on the disc when the power 
supply is unexpectedly interrupted. 

Digital recorders for recording television 
programs, movies, and other types of high volume moving 
picture content to hard disk drive (HDD), Digital Versatile 
Disc (DVD), and more recently Blu-ray Disc (BD) media are 
now widely available. 

In addition to recording MPEG-encoded AV data, 
for example, such digital recorders also record management 
information for the AV data to the digital recording medium. 
This management information typically includes the title, 
recording date, aspect ratio, and AV data stream 
information (data size, time table, frame information) for 
the AV data content. 

One object of conventional digital recorders using 
optical discs, magneto-optical discs, and other digital 
media has been to shorten the required processing time 
when record r power is turned on and off, and when a disc 
is loaded and eject d (see Japanese Patent Laid-Open 
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Publication (kokai) 2002-260368). 

The device taught in Kokai 2002-260368 
segments the recording area into multiple zones, and 
records the management information to an AV management 
5 area in either the zone where the magnetic recording head 
is currently positioned or in an adjacent zone. The address 
of the area where the management information is recorded 
is also stored to nonvolatile memory incorporated in the 
disc cartridge, and when drive power Is turned on or a disc 

10 is loaded, the disc recorder reads the management 
information by referencing the address stored to this 
nonvolatile memory. 

This shortens the seek time of the magnetic head 
when writing the management information, and shortens the 

15 processing time required when the power turns on and off 
and when a disc is loaded and ejected. 

The object of this related art is thus to shorten 
the magnetic head seek time when reading and writing 
management information when the power turns on or off and 

20 when a disc is loaded or ejected, and the management 
information is written to the digital recording medium only 
when drive power is intentionally turned off or the disc is 
ejected. 

If the power supply is interrupted during 
25 recording due to a power failure or the power cord being 
accid ntally unplugged, however, management information 
for the recorded data is not written to the recording medium. 
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This unrecorded management information is thus lost and 
cannot be recorded when the power supply is restored. An 
inconsistency between the management information on the 
disc and the recorded AV data thus results when the power 
5 supply is returned, and a recovery process for rectifying 
this inconsistency is needed. 

Two basic methods are available for correcting 
inconsistencies between the AV data and management 
information during the recovery process: interpolating the 

10 lost management information according to the AV data left 
on disc, and deleting the AV data to match the management 
information left on disc. The former method involves 
analyzing the AV data and interpolating the management 
Information based on the analysis, and therefore requires 

15 analyzing the AV data. The problem with the latter method 
is that only the management Information written to the 
recording medium the last time the disc was normally 
ejected or the power was normally turned off remains on the 
disc, and all management Information relating to the AV 

20 data recorded until just before the power supply failed or 
was interrupted is lost as a result of the sudden power 
Interruption. All AV data for the program or content 
recorded until just before the power supply was 
unexpectedly Interrupted must therefore be erased. 

25 An object of the present invention is therefore to 

provide a digital recording apparatus that can efficiently 
complete a recovery process for fixing inconsistencies 
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between the AV data and management information left on 
the disc when the power supply is unexpectedly interrupted 
during recording, such as when a power failure occurs or 
the power cord is accidentally unplugged. 

SUMMARY OF THE INVENTION 

A first aspect of the present invention is to 
record recovery data interleaved with AV data when 
recording AV data in conjunction with recovery data where 
the AV data contains at least audio data or video data and 
the recovery data is used for correcting AV data 
management information when AV data recording is not 
completed normally. 

Thus comprised, our invention minimizes the drop 
In the AV data recording rate in the event recovery data is 
recorded while recording AV data. 

The recovery data preferably contains recording 
address information for the recorded AV data. 

This aspect of the invention enables AV data to 
be recovered. 

Further preferably, the recovery data contains 
file management information for the recorded AV data, 
thereby enabling recovering AV data. 

Yet further preferably, the recovery data contains 
playback time information for the recorded AV data. 

This shortens the time ne ded for the AV data 
recov ry process. 
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Further preferably, the AV data is MPEG-encoded 
data, and the recovery data contains a start address for an 
l-picture in the recorded AV data. 

This enables the recovery process to be easily 

5 achieved. 

Further preferably, the invention stores recovery 
data address information indicating the address of the 
recovery data to a predefined location. 

This enables the recovery process to be run 
10 easily and efficiently. 

The recovery data address information preferably 
contains multiple storage banks. 

This enables the recovery process to be run 
easily even with recording media that can only be recorded 
15 a limited number of times. 

A further aspect of the Invention stores recovery 
data address information indicating the address of the 
recovery data to a recovery data file of a predetermined 
specified name. 

20 This enables the recovery process to be run 

easily even with recording media that can only be recorded 
a limited number of times. 

Preferably in this case multiple recovery data 
files are recorded. 
25 This enables the recovery process to be run 

asily even with recording media that can only be recorded 
a limited number of times. 
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Further preferably, the recovery data address 
Information contains a serial number or time information for 
the recovery data. 

This enables the most recent recovery data 
address information to be easily Identified from among 
multiple recovery data address information entries. 

Yet further preferably, there are at least two 
recovery data entries, and the recovery data is recorded 
interleaved with the AV data during AV data recording. 

Thus comprised, our invention minimizes the drop 
in the AV data recording rate In the event recovery data is 
recorded while recording AV data. 

Yet further preferably, the segmented AV data 
contains address information for the previously recorded 
segmented recovery data. 

This enables easier searching for segmented 
recovery data. 

Yet further preferably, the segmented AV data 
contains difference information from previously recorded 
recovery data. 

Thus comprised, our invention minimizes the drop 
in the AV data recording rate In the event recovery data is 
recorded while recording AV data. 

Further preferably, the recovery data contains 
address information for recovery data recorded next. 

This simplifies s arching for the next recovery 

data. 
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In a further aspect of the invention the recovery 
data is recorded interleaved with the AV data when 
recording the AV data, and identification information 
enabling the recovery data to be distinguished from other 
5 data recorded with the recovery data is recorded with the 
recovery data so that the recovery data can be detected 
during the data recovery process. 

This enables the recovery data to be easily 
distinguished from the AV data. 

10 In a further aspect of the invention the recovery 

data is recorded interleaved with the AV data when 
recording the AV data, and the recovery data is interleaved 
with AV data units of a specific size so that the recovery 
data can be easily detected during the data recovery 

15 process. 

This simplifies searching for recovery data. 

Further preferably, the address where the 
recovery data is stored is recorded in nonvolatile memory. 

By thus storing the newest recovery data address 
20 in nonvolatile memory every time the recording address of 
the recovery data is updated while recording AV data and 
recovery data, the address of the most recent recovery data 
can be easily acquired during the recovery process. 

Yet further preferably, the nonvolatile memory 
25 storing the address where the recovery data is recorded is 
preferably removably disposed. 

This enables data to be recovered on a device 
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other than that used to record the AV data, which is 
particularly useful when the device that recorded the AV 
data becomes unusable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a recording 
apparatus according to a first embodiment of the present 
Invention; 

Fig. 2 shows an example of where data is 
recorded to the recording medium in a preferred 
embodiment of the invention; 

Fig. 3 shows an example of where recovery data 
Is recorded to the recording medium in a preferred 
embodiment of the invention; 

Fig. 4 is a block diagram of a recording 
apparatus according to a second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of a digital recording 
apparatus and recording method according to the present 
invention are described below with reference to the 
accompanying figures. 
Embodiment 1 

Fig. 1 is a schematic bjock diagram showing the 
configuration of a recording apparatus and recording. 
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method according to a first embodiment of the invention. 
The recording apparatus of this first embodiment as show In 
Fig. 1 has an encoder unit 101, recording unit 102, and 
control unit 103. The input AV signal includes at least audio 
5 data or video data. 

The encoder unit 101 compression codes the 
input AV signal according to the MPEG format, for example, 
and outputs AV data to the recording unit 102. The encoder 
unit 101 also outputs AV data encoding parameters, such 

10 as the GOP (Group Of Picture) size, l-picture (Intra picture) 
size, frame number, and audio attributes (monaural, stereo, 
multilingual), to the control unit 103. 

This embodiment is described using an MPEG 
format for compression coding, but compression coding 

15 shall not be limited to MPEG formats and other schemes 
could b« used instead. 

The recording unit 102 could be any recording 
device for recording to such media as HDD, optical discs 
such as DVD and BD, and magneto-optical discs. The 

20 recording unit 102 records and stores AV data input from 
the encoder unit 101 and management information and 
recovery data from the control unit 103. 

The control unit 103 records AV data 
management information and recovery data to the recording 

25 unit 102. Th management Information includes Information 
relating to the AV data based on the parameters receiv d 
from the encoder unit 101, and information relating to 
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program content. The AV data parameter information 
includes, for example, the size of the AV data, l-picture 
size, frame number, and audio attributes, and the content- 
related information includes the program title, broadcast 

5 date and time, broadcast channel, and broadcast genre. 
The recovery data includes parameters needed to generate 
the management information. Management information is 
written to the recording unit 102 when the power is turned 
off, when the storage medium is ejected, and when 

10 recording is completed, for example. Recovery data is 
written to the recording unit 102 at any desired timing 
during recording. 

Fig. 2 shows how AV data and recovery data 
recorded by the recording unit 102 are arranged on the 

15 recording medium. As shown in Fig. 2 AV data and recovery 
data are recorded interleaved in a contiguous area of the 
recording part 102. By thus recording the AV data and 
recovery data interleaved in AV data recording area 102, 
the recovery data can be recorded during AV data recording 

20 without requiring a head seek operation. The AV data and 
recovery data can therefore be recorded to the recording 
area 102 without incurring a drop in the write bitrate due to 
a seek operation. 

Fig. 3 describes the recovery data address 

25 information. 

Fig. 3A shows recording the recovery data 
address information to a specific area in recording area 102. 
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The recovery data address information is a LBA (logical 
block address) or CHS (cylinder, head, sector) value 
denoting where the recovery data is located, but could be 
any infornnation other than the LBA or CHS insofar as it 

5 enables uniquely locating the recovery data. The first 
recovery data address information is recorded in this area 
before the AV data is recorded. When a recovery process is 
run after the power supply is returned, the recovery data is 
read based on this recovery data address information. 

10 If the recovery data address information is thus 

recorded to multiple banks when using recording media, 
such as optical discs, that can only be rewritten a limited 
number of times, the number of times the data area can be 
rewritten can be effectively increased by thus reducing the 

15 number of times the address area is overwritten. 
Furthermore, by adding a serial number or time information 
to the recovery data, the most recently written recovery 
data bank can be easily identified from among multiple 
banks. 

20 Fig. 3B shows an example in which the recovery 

data address information is stored to discrete files. In 
addition to recording the recovery data to a specific 
predefined area as described above, the recovery data 
address Information can be written to files with specific 

25 predetermined names. In this case the address of the first 
recovery data is written to a file before recording the AV 
data, this file is then closed, and the recovery data Is 
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written to the address just written to the recovery data 
address file. 

If there are multiple files thus storing recovery 
data, adding a serial number or time information to the file 
5 name or the recovery data enables easily identifying the 
most recent of multiple files. 

Furthermore, if identification information is 
written to the beginning of the recovery data using a bit 
pattern that does not exist in the AV data, the recovery 
10 data can be easily located during the recovery process by 
searching for this identification information. 

If the AV data and recovery data are interleaved 
at a predetermined fixed interval (e.g., byte count, sector 
count, or block count), the location of the next recovery 
15 data can be determined without using this identification 
information. 

Yet further preferably, the recovery data contains 
the start address (LBA, CHS, or byte or sector offset value, 
e.g.) of the next recovery data. This can be achieved by 
20 writing AV data of the specified size after writing the 
recovery data once the size of the next AV data block to be 
written is determined. 

The recovery data further preferably contains the 
location of the AV data being recorded in recording area 
25 102. This address information is the LBA, CHS, or other 
, sector location value where the AV data is stored. The AV 
data address information can be r stored in the file system 
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in the recovery process following a power supply 
interruption by thus including the AV data address 
Information in the recovery data. 

Yet further preferably, the recovery data contains 
file nnanagement information for the AV data being recorded. 
This file management information is preferably information 
used by the file system when a file is created or updated, 
and could be, for example, file attributes (inode or dentry 
information) or bitmap or superblock information. This 
enables the recovery process to restore the file 
management information of the file system before the power 
supply interruption. 

Further preferably, the recovery data contains 
information relating to the AV data playback time. This 
playback time Information manages information such as the 
GOP size, l-picture size, frame count, audio attributes, or 
other information relating to the AV data as a time table, 
and correlates the AV data and playback time for special 
playback modes such as fast-rewind, fast-forward, and 
playing frames of a specified time. This playback time 
information can be reconstructed by analyzing the AV data 
during the recovery process, but analyzing AV data is time 
consuming. Recording such playback time information as 
part of the recovery data therefore makes it possible to get 
the playback time information during the recovery process 
without analyzing the AV data, and therefore shortens the 
time need d for the recovery process. 
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Further preferably the recovery data contains the 
start address of an l-picture in the AV data. This l-picture 
address is not limited to the LBA or CHS value, and can be 
expressed using an offset value of a specific number of 
5 bytes from the beginning of the AV data file or a fixed byte 
offset of sectors and blocks, l-picture addresses can be 
reconstructed by analyzing the AV data during the recovery 
process, but analyzing AV data is time consuming. 
Recording the l-picture address as part of the recovery data 
10 therefore makes it possible to get the l-picture address 
during the recovery process without analyzing the AV data, 
and therefore shortens the lime needed for the recovery 
process, 

The recovery data can be written to a contiguous 
IS recovery data recording area, or segmented to multiple 
> recovery data recording areas. One method of segmenting 
the recovery data among multiple areas is to simply divide 
the recovery data into multiple substantially equal parts for 
recording. A second method is to write only the content of 
20 the recovery data that was updated since the last time the 
recovery data was written. Both cases, however, reduce the 
amount of recovery data that must be written at one time. If 
the recovery data is thus recorded in segments, the 
recovery process can be simplified by also recording a 
25 serial number or identifier describing the relationship 
between the recovery data segments so that the segments 
can b easily reassembled. 
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The encoder unit 101 in this embodiment of the 
invention compresses the input AV signal. If a compressed 
AV signal such as from a digital broadcast satellite is 
recorded, however, the encoder unit 101 can simply extract 
5 the encoding parameters from the input AV signal and does 
not need to re-encode the AV signal. The full benefit of the 
present invention as described above Is also achieved in 
this case. 

Second embodiment 

10 A second embodiment of the invention is 

described next with reference to Fig. 4 showing an 
exemplary recording apparatus and recording method of the 
Invention. As shown in Fig. 4 this recording apparatus has 
an encoder unit 401, recording unit 402, a control unit 403, 

15 and a recording medium such as nonvolatile memory 404. 
The input AV signal includes at least audio data or video 
data. 

The encoder unit 401, recording unit 402, and 
control unit 403 are same as the corresponding components 

20 of the first embodiment described above. The recording 
apparatus of this second embodiment differs from the first 
embodiment in having nonvolatile memory 404. 

The nonvolatile memory 404 stores the recovery 
data address information shown in Fig. 3. The recovery 

25 data address information shown In Fig. 3A and Fig. 3B are 
the same in this embodiment as in the first embodiment. 
The same benefit described in the first embodiment can be 
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achieved whether the recovery data address information is 
recorded to the recording medium or to nonvolatile memory 
404. 

if the recovery data address information Is 
5 recorded to nonvolatile memory 404 instead of recording 
area 402, a head seek operation is not needed each time 
the recovery data is updated when recording AV data even 
if the recovery data address information in nonvolatile 
memory 404 is rewritten to the updated recovery data 

10 address. Searching for recovery data during the recovery 
process is therefore faster than in the first embodiment 
without lowering the AV data write bitrate. 

Furthermore, if nonvolatile memory 404 can be 
removed from the main recording apparatus, the recovery 

15 process can be run on a separate device with a data 
recovery function. A portable movie camera may become 
unusable because the battery runs out during recording or 
the camera is dropped and damaged, for example. In this 
case, the recording unit 402 and nonvolatile memory 404 

20 could be removed from the movie camera and installed In 
another device so that the data in the recording unit 402 
and the data in nonvolatile memory 404 can be read and 
transferred to a device that can recover the recorded 
content to a playable state. 

25 The content of the recovery data in this case is 

the same as describ d in the first embodiment. 

The encoder unit 401 in this embodiment of the 
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invention is described as compression ncoding the input 
AV signal. If a compressed AV signal such as from a digital 
broadcast satellite is recorded, however, the encoder unit 
401 can simply extract the encoding parameters from the 
input AV signal and does not need to re-encode the AV 
signal. The full benefit of the present invention as 
described above is also achieved in this case. 

The invention as thus described can efficiently 
run a recovery process for correcting inconsistencies 
between AV data and recovery data remaining on a disc 
when an unexpected power supply interruption occurs due 
to a power failure or the power cord being unplugged while 
data is being recorded. 

Although the present invention has been 
described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications will be 
apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the 
scope of the present invention as defined by the appended 
claims, unless they depart therefrom. 



